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ABSTRACT

The present study was carried out to investigate the Correlation between biofilm formation and bacteriocin
production by Lactobacillus acidophilus A total of 214 vaginal swab of healthy women without vaginitis and/or
urinary tract infection were collected from hospitals in Baghdad city .Vaginal swabs of each women inoculated in
MRS broth medium, after 24 h incubation in the presence of 5% CO, the specimens were sub-cultured on MRS agar
and 49 samples from 104 samples were Lactobacillus acidophilus, while negative growth were 110 samples. The
first identification presented then using conventional polymerase chain reaction (PCR) with specific primers gene
which showed that 11 isolates were Lactobacillus acidophilus carried bacteriocin gene also 11 L. acidophilus
isolates characterized by their ability to inhibit the growth of Staphylococcus aurous , Pseudomonas aeroginosa ,
Escherichia coli through the production of bacteriocin and all Lactobacillus acidophilus isolates form biofilm at
different levels (weak, moderate and strong) were produced bacteriocin. This study suggested highly significant
difference and strong correlation (r= 0.914; P = 0.00; P<0.01) between biofilm formation and bacteriocin

production.
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INTRODUCTION

Human microbiota is a collective of microorgan-
isms that live in human host and most of these
microbes associated with human kind influence in
maintaining processes essential for a healthy body
and colonize the conjunctiva, oral cavity, gastro-
intestinal tract, skin and vagina (Selle and Klaen-
hammer, 2013).

Lactobacillus species is dominated in vaginal hea-
Ithy females of reproductive age, the vaginal flora
in healthy women were characterized by different
approaches and had been found that Lactobacillus,
acidophilus is the major dominated (Kurakawa et
al., 2015). Lactobacillus acidophilus is useful sup-
plies because it could maintenance colonization
and longer strength in the mucosa of the host
which prevent colonization by bacterial pathogens
(Terraf et al., 2012) and inhibition activity against
common human pathogens through their ability to
produce antibacterial substances for example bact-
eriocins therefore used as probiotic (Linsalata et
al., 2010). Lactobacillus acidophilus formed the
biofilms on biotic surfaces (polystyrene or glass
(Fernandez et al., 2015).

The extracellular polysaccharide (EPS) produced
by biofilm forming strain is able to inhibit the bio-
films formation by certain pathogens (Ramos et
al., 2012) and has ability to bacteriocins produc-
tion in addition to their non-toxic property on euk-
aryotic cells and the greatly broader inhibitory
spectra make bacteriocins (Balciunas, 2013).
Bacteriocins are proteinaceous antibacterial comp-
ounds that show bactericidal activity against spe-
cies closely related to the producer strain (Sig-

noretto et al., 2000). Finally, the genetic determi-
nant for bacteriocin production can be either
plasmid or chromosomally encoded (Klaenham-
mer,1993). Lactobacillus acidophilus produces
plasmid associated bacteriocin, in addition to the
gene may be part of transposons (Dufour et al.,
2000).

MATERIALS AND METHODS

Isolation and identification: Vaginal specimens
were obtained, from 214 women between the ages
of 18-50 years with healthy vaginal environments
without vaginitis and /or urinary-tract infection
(UTI). The samples were diluted to MRS broth,
then incubated at 37-C for 24 h under anaerobic
condition in the presence of 5% CO2 (Sneath et
al., 2009).

The identification of the genus Lactobacillus done
by PCR using specific primers
F:5-TGCAAAGTGGTAGCGTAAGC-3

R: 5-CCTTTCCCTCACGGTACTG -3.

Brolazo et al., (2011) prepared depending on the
manufacturer's instructions (Alpha DNA /Canada)
and using DNA Ladder 1Kb.

Tablel: PCR amplification program

Steps Temperat Time Number
ure of cycles

Initial 94°C 3min One cycle

Denaturation

Denaturation | 94°C 30sec

Annealing 57°C 60sec | 35cycles

Extension 72°C 30sec

Finally 72°C 5min | One cycles

Extension
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PCR product was analyzed by gel electrophoresis
in 2% agarose containing red safe TM (Nucleic
acid staining solution) (Branco et al.,2010).

2.2 Detection of bacteriocin gene by (PCR):
Using specific primers (Ventura et al., 2001)

F:5 AAGAGTTTG ATCCT GGCTCAG "3
R:5CTACGGCTACCTTGTTACGA 3

Primers were obtained from Promega, USA for
detection of bacteriocin gene of Lactobacillus
acidophilus.

Table 2: PCR amplification progra
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IV) Carbohydrate concentration (1%glucose):
MRS broth tube was added 0.5 ml of 1% glucose
sterilized through passing during milipore filter
0.24 mm in diameter then inoculated with each
isolate and incubated at 18hrs.
Bacteriocin production

The bacterial were grown in MRS broth for
18h at 30°C. The cultures were centrifuged at
6000rpm/15 min/4°C) to obtain a cell free super-
natant and the supernatants were filter-sterilized
by passing through a sterile 0.2 mm pore size
filter then pH of the supernatants was adjusted to

S R B P 6.5 with 10 N of NaOH (Dunne et al., 2001), sup-
Initial 95°C 3min__| One ernatants against several indicator bacterial spp.
Denaturation cycle was then performed (Escherechia coli, Pseudo-
Denaturation | 95°C 30sec monas aerogenosa and Staphylococcus aureas).
Annealing 61°C 40sec | 35cycles Agar-well diffusion assay was used by aliquots of
Extension 72°C 1min 50ul of the sterile supernatant were placed in 5
Finally 72°C 5min One mm diameter wells on Muller-Hinton agar plates.
Extension cycles The previously seeded with the respective indica-

The amplified PCR products were checked for
the expected size on 1% (w/v) agarose gel and
visualized after staining with Red Safe under
ultraviolet transillumnater (Sambrook and Rusell,
2001).

Biofilm formation assay is done by pure cultures
of bacteria and quantified in polystyrene micro-
titer plates after adjusted by MacFerland tube (0.5
concentration) (Stepanovic, 2004).

2.4. Effect of some factors on biofilm formation:

I) pH: MRS broth medium was adjusted to diff-
erent pH values 2, 4, 6, 7 and 8. This was distribu-
ted in sterile test tube then over- night culture of
bacteria diluted and adjusted by McFarland tube
to be 0.5 concentration, then 20uL from diluted
and 180uL from MRS broth to obtain dilution 20/
00uL was transferred to each well in a 96 wells
dish, the microtiter plate was incubated at 37°C
for 24 hrs.

I1) Temperatures: As the same method above just
adjusted temperature at 34, 37 and 39°C

I11) Incubated at different periods of time: As the
same method above just adjusted incubation peri-
ods 18, 24 and 48 h at 37°C.

tor bacteria. After incubation18h at 37°C, the dia-
meters of the zones of growth inhibition were
measured (Ogunbanwo et al., 2003).
Effect of different factors on bacteriocin pro-
duction
() pH: MRS broth to special pH levels of (4, 6,7,
and 8), each tube was inoculated with bacterial
growth and incubated at 37°C for 18h.
(1)  Temperatures: MRS broth 5ml was inocu-
lated with each isolate and incubated at diverse
temperatures such as 34°C, 37°C, and 39°C for
18h to study the effect of different temperatures
on the bacteriocin production.
(1D Incubation time: MRS broth tube was ino-
culated with each isolate and incubated at diverse
incubation periods such as 18, 24, and 48 hrs.
(IV)  Carbohydrate concentration (1%glucose):
MRS broth tube was added 0.5 ml of 1% glucose
sterilized through passing during milipore filter
0.24 mm in diameter then inoculated with each
isolate and incubated at 18hrs (Kandler and
Weiss, 1986; McFadden, 2000).
Statistical Analysis: The usual statistical methods
were adjusted in order to assess and analyze the
results according to (Ying, 2015).

RESULTS
Table 3: Mean age / Year comparison among growth of genus Lactobacillus results
Kolmogorov-
Growth of Lactobacillus No. of isolates Percentage Smirnov Test
(P-value)
Lactobacillus species 55 25.7% P=0.00
L. acidophilus 49 22.9% H; HI sian
No growth 110 51.4% (PEO gl) gn.
Total 214 100% '
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100 bp 210bp

Figure 1: Lactobacillus acidophilus identification bands at 210bp (From left to right 1, 4, 5, 12 while no present
band at 2, 3, 6, 7, 8, 9, 10, 11) by using ladder 1kb and 2% agarose for electrophoresis.
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Figure 2: Distributions of Lactobacillus acidophilus isolation according to PCR test results.

4000bp M

Figure 3: Lactobacillus acidophilus bacteriocin gene band 4000 bp at lines (1-6) by using ladder 10 kb and 1%
agarose for electrophoresis.

Table 4: Distributions of classes of Lactobacillus acidophilus biofilm formation.

Factors Classes of L. acidophilus biofilm formation
Weak biofilm Moderate biofilm Strong biofilm
0D630 (<0.1) OD 630 (0.1 - 0.5) 0D630 (> 0.5)
Biofilm of N 2 3 6
Lactobacillus % 18.2% 27.3% 54.5%
acidophilus

H

P. aeroginosa S.aureus E. coli

Pathogens

Figure 5: Determination L. acidophilus bacteriocin inhibition effect against some pathogens (1: Pseudomonas
aeroginosa ,2: Staphylococcus aureus, 3: Escherichia coli) by agar diffusion assay.
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Figure 6: pH effects on Lactobacillus acidophilus from left to right a. Biofilm formation and b. Bacteriocin

production (Inhibition zone mm).
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Figure 7: Temperatures effects on Lactobacillus acidophilus a. Biofilm formation and b. Bacteriocin production
(Inhibition zone mm).
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Figure 8: Incubation period / hour effects on Lactobacillus acidophilus from left to right a. biofilm formation and

b. bacteriocin production (Inhibition zone mm).

Table 5: Clusters and sources of isolates with their description depending on biofilm formation and bacteriocin

production at the same experiment conditions.

Cluster | No. of isolates Source of isolate Description
C1 J1, 32,37, 38, Healthy young women ages between | All isolates strong biofilm
J9,J11 18-22 year formed and more bacteriocin
production
C2 J4, J5,J10 Healthy young women 26-38 year All isolates s moderate biofilm
with menstruation formed and bacteriocin
produced.
C3 J6 Healthy woman with hormonal Isolates weak biofilm
contraceptive intake 27 year formed and less bacteriocin
J3 Healthy old women 43 year. production
J: Jnan

Table 6: Correlation between biofilm formation and bacteriocin production by Lactobacillus acidophilus.

Pearson Correlation

Biofilm at 48hrs, pH=6,34°C
MRS and 1% glucose

Inhibition zone at 48hrs, r 0.914
pH=6,34°CMRSand |, . P=0.00 Highly sign.
1%glucose (P<0.01)

19.00—

1s.00—

34C MRS and 1%glucose

17.00—

15.00—

15.00—

[nhibition zone at 48hrs,PH=6,

14.00—

Ao
Biofilm at 48hrs. PH=6

.34 C MRS and 1% glucose

T T
&0 =0 1.

Figure 9: Correlation between biofilm formation and bacteriocin production by Lactobacillus acidophilus.

DISCUSSION
Depending on the first identification of bact-
eria, all 49 Lactobacillus acidophilus isolates

were amplified with specific primers; 11 isolates
22.4% produced a product 210 bp as in figurel.
The vaginal environment undergoes main compo-
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sitional changes during a woman’s life from child-
hood until puberty, the limited presence of estro-
gens suggests a low vaginal bacterial content,
which occurs during reproductive years or through
menopause (Jaisamrarn et al., 2013). It is also that
several factors (Menstrual cycle, coition, use of
antibiotics, use of intra vaginal products for doug-
hing (Javier et al., 2014) and breastfeeding (Bos-
key et al., 1999) influence the balance of the vagi-
nal microbiota.

Presented the results all 11 Lactobacillus aci-
dophilus isolates were molecular identified carry-
ing bacteriocin gene by amplified with the bact-
eriocin gene primers, all 11 isolates produced a
product 4000bp as in (figure 2). Lactic acid bacte-
ria (LAB) are produced some substances such as
organic acids hydrogen peroxide, carbon dioxide
and bacteriocins (Dunne et al., 2001).

Bacteriocins have been reported to be inhibit-
ory against several other bacteria, most of bac-
teriocins produced by Gram positive bacteria are
from lactic acid bacteria (Graneau et al., 2002).

Some LAB bacteriocins can inhibit the growth
of Gram-positive pathogenic bacteria and also
inhibit the growth of some Gram-negative species,
therefore, such these lactic acid bacteria can be
used as probiotic (Topisirovic et al., 2006).

The isolates shown a different capacity to
bacteriocin production under the same conditions
of experimentation, the results represented the
cell-free-supernatants exerted varying inhibitory
effect on the indicator pathogens and inhibition
was assessed against Escherechia coli, Pseudo-
monas aerogenosa and Staphylococcus aureas
and this study agree with Abo-Amer (2007) and
Kyoung-Sik et al., (2007) Abo-Amer (2007) and
Kyoung et al., 2007).

Table 6 represented positive strong correla-
tion between Lactobacillus acidophilus biofilm
formation and bacteriocin production. The study
included effect different conditions on Lactobaci-
llus acidophilus biofilm formation as following:

Figure 9 presented effect using MRS broth
medium with 1% glucose on biofilm formation
was higher than MRS medium without 1%
glucose.

In this study represented a microtiter plate
format assay was used to assay biofilm formation
on MRS medium, the isolates showed increase in
nutrient concentration increased biofilm formation
this is accepted with study by Rochex and
Lebeault (2007).

Figure 6 represented the ability of Lactobaci-
llus acidophilus for bacteriocin production to
different concentration of pH 2, 4, 6, 7 and 8. The
maximum level in pH=6 was larger than pH =4
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and pH=, while no bacteriocin production in
pH=2 and pH=8.

Figure 7 revealed that the bacteriocin prod-
uction at 34°C was higher than bacteriocin pro-
duction at 37°C and 39°C, change in human body
temperatures due to different causes environment
factors such as (diet or fasting) or aging or
pathology or disease (Gregory Kelly, Vice, 2006)
when pathogens enter human body occur changes
in temperature begin human body formation of
natural protection factors (Bacteriocins produc-
tion) inhibit the growth of the human pathogenic
bacteria for examples Escherechia coli, Pseudo-
monous aeruginosa (Forestier et al., 2001).

Figure 8 represented effect incubation per-
iod/hour on Lactobacillus acidophilus bacteriocin
production was at 48hrs larger than 18 and 24hrs.
The Incubation periods used in this study were
monitored in limited time because it is not suitable
to increase the time since the wells contain limited
nutrients for bacterial growth because lack of
nutrients may stimulate the bacteria to detach
from the surface (Hunt et al., 2004; Sawyer and
Hermanowicz, 1998).

Table 7 revealed that there were a statistically

highly significant difference & strong positive (a
proportionate) correlation (r= 0.914; P=0.00; P<
0.01) between biofilm at 48hrs, pH=6, 34°C MRS
and 1% glucose and iinhibition zone at 48hrs, pH
=6, 34°C MRS and 1%glucose.
Conclusion: There is a correlation between bio-
film formation and bacteriocin production of Lac-
tobacillus acidophilus at 48hrs, pH=6, 34°C MRS
with 1% glucose and inhibition zone at 48hrs,
pH=6, 34°C MRS with 1% glucose.
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